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(57) A method and apparatus for printing stroke 
and contone data together are provided in 
which data to be printed (102) is identified by a 
processor (100) as being either stroke or con- 
tone data. For contone data, processor (100) 
controls a light source (14), a spatial light mod- 
ulator (12), and an optical photoconductive 
drum (16) to generate image quality graphics by 
using spatial light modulation in the process 
and cross-process directions. For stroke data, 
processor (100) controls light source (14), spa- 
tial light modulator (12), and optical photocon- 
ductive drum (16) for high resolution printing by 
using intensity modulation. Processor (100) is 
operable to control light intensities through the 
use of lookup tables stored in a memory (104). 
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TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of 
printing, and more particularly to a method and appa- 
ratus for printing stroke and contone data together. 5 

BACKGROUND OF THE INVENTION 

Hard copy devices, such as printers, generally 
print two kinds of data. The first type of data is stroke 10 
data, usually text and graphics data. The second type 
of data is continuous tone ("contone") data, which is 
usually image data, for example, a data representa- 
tion of a photographic image. 

High quality rendering of stroke data requires a 15 
printer that can produce a spatial resolution of 600 
dots per inch ("dpi") or more. This resolution is re- 
quired, for example, to reduce jaggedness of diagonal 
edges or to reproduce fine seriphs in text. 

Contone data, on the other hand, does not require 20 
such high spatial resolution, but requires a printer 
than can produce gray shades. Indeed, if the printer 
is capable of producing 256 gray shades (which is typ- 
ical intensity resolution of image scanners), a 200- 
250 dpi printer will generally suffice. Such a printer 25 
provides appropriate spatial resolution for the human 
eye to perceive smooth shades. 

Unfortunately, most existing printers are binary 
printers that can reproduce only two gray shades, 
black and white. These printers simulate more gray 30 
shades by logically combining several dots into cells 
and relying on the spatial integration property of the 
human eye to stimulate smooth shades. As an exam- 
ple, a 3200 dpi printer can achieve appropriate gray 
shades by forming cells from 16X16 arrays of dots, 35 
resulting in 200 cells per inch (sometimes referred to 
as lines per inch). By controlling the number of dots 
that are black (or white) in this array, each cell can 
represent up to 257 gray levels (0 through 256, with 
256 represented by all dots being black). The spatial 40 
resolution of the human eye will perceive smooth 
shades with such a printer. 

Thus, binary printers reproduce high quality con- 
tone data only at an extremely high resolution. To pro- 
duce both contone and stroke data, therefore, the re- 45 
solution is defined by the contone image require- 
ments. Consequently, the stroke data is printed at a 
higher resolution than needed. Furthermore, printing 
at the high resolution needed for contone data with 
existing systems makes them expensive. so 

Therefore, a need has arisen for a printer that can 
print both stroke and contone data at the resolution of 
stroke data. 



SUMMARY OF THE INVENTION 

In accordance with the teaching of the present in- 
vention, a method and apparatus for printing stroke 



and contone data together is provided which substan- 
tially eliminates or reduces disadvantages and prob- 
lems associated with prior art printers and printing 
techniques. 

According to one aspect of the present invention, 
there is provided a method of printing both a first type 
and a second type of data comprising the steps of: 
identifying data to be printed as either the first or sec- 
ond type of data; spatially modulating the second 
type of data in first and second directions; and inten- 
sity modulating first type of data. 

According to a second aspect of the present in- 
vention, there is provided a printer, comprising: a spa- 
tial light modulator operable to receive light from a 
light source, said spatial light modulator having a plur- 
ality of rows of individual elements; a photoconduc- 
tive drum operable to rotate in a process direction and 
having predefined areas operable to receive light re- 
flected from predetermined individual elements of a 
plurality of rows; a processor operable to control said 
individual elements such that for a second type data, 
light is reflected from predetermined individual ele- 
ments of the plurality of rows onto predetermined 
areas of said photoconductive drum to render gray 
scale levels; and said processor also being operable 
to control said individual elements such that for 
stroke data, light is reflected from predetermined in- 
dividual elements onto predetermined areas of said 
photoconductive drum to render high resolution. 

In particular, a method of printing both stroke and 
contone data together is disclosed in which data to be 
printed is identif ied as either contone data or stroke 
data. The contone data is then rendered with intensity 
modulation and spatial modulation in the process and 
cross-process directions, and the stroke data is ren- 
dered with intensity modulation. In a particular em- 
bodiment of the present invention, contone data is 
rendered by reflecting the light from predetermined 
individual elements of a plurality of rows onto prede- 
termined phases of pixels of a photoconductive drum, 
the predetermined phases rendering the pixels at im- 
age quality gray scale levels. Stroke data is rendered 
by reflecting the light from predetermined individual 
elements onto predetermined phases of the photo- 
conductive drum, the predetermined phases render- 
ing the stroke data at high resolution. 

A printer is also disclosed in which a light source 
shines light on a spatial light modulator that has a plur- 
ality of rows of individual elements. A photoconduc- 
tive drum is operable to rotate in a process direction 
and has predefined pixels with phases operable to re- 
ceive light reflected from the spatial light modulator. 
A processor is provided that is operable to control the 
individual elements such that for contone data, the 
55 pixels are rendered at image quality gray scale levels, 
and for stroke data, pixels are rendered at high reso- 
lution. 

An important technical advantage of the present 
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invention is that the different requirements of stroke 
and contone data are satisfied by using different 
methods to render them by exploiting spatial and in- 
tensity modulation capabilities of a DMD based prin- 
ter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the pres- 
ent invention, and the advantages thereof, reference 
is now made to the following descriptions taken in 
conjunction with the accompanying drawings, in 
which: 

FIGURE 1 illustrates a block diagram of a printer 
constructed according to the teachings of the 
present invention; 

FIGURES 2a-2h illustrate various phases of a pix- 
el to be printed according to present invention; 
FIGURE 3 illustrates lookup tables according to 
the teachings of the present invention; 
FIGURE 4 Illustrates a polygon printed according 
to the teachings of the present invention; and 
FIGURE 5 illustrates a block diagram of the cir- 
cuitry of a printer constructed according to the 
teachings of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates a printer 10 constructed ac- 
cording to the teachings of the present invention. As 
shown in FIGURE 1, a spatial light modulator (SLM) 
having individual elements making up an array 12 is 
provided. In a particular embodiment, array 12 com- 
prises an array of DMDs. Throughout this description, 
individual elements of the array 12 will be referred to 
as mirrors. Array 12 may comprise an array of DMDs 
constructed as disclosed in U.S. Patent No. 
4,956,619, "Spatial Light Modulator, n which is herein 
incorporated by reference. 

As shown in FIGURE 1 , each row of array 12 is 
staggered, such that individual mirrors (elements) are 
offset from row to row. This offset will be exploited, as 
discussed below, to allow for generation of many gray 
scales for the printing of image data and for the print- 
ing of smooth edges for graphics data. Only a portion 
of array 12 is shown for clarity, it being understood 
that array 12 may include more rows or columns, as 
particular applications require. 

Light from a light source 14 is reflected by array 
1 2 either onto or off of OPC drum 16. Light source 14 
may comprise a light-emitting diode. Light from array 
12 may be reflected directly onto OPC drum 16 or fo- 
cused through optics 1 8. 

As shown in FIGURE 1 , light received from array 
12 falls on OPC drurn 16. Only a line of logical pixels 
is shown for clarity, it being understood that several 
lines of pixels can be simultaneously illuminated by 
the DMD array. Each of these pixels will be illuminat- 



ed and thereby either charged or discharged for toner 
attraction. The drum 16 will then rotate over the page 
to be printed, and the toner will be transferred from 
the drum 16 to the page, the line of pixels printing a 

5 line on the page. 

For the illustrated example, we will assume that 
the position (ON or OFF) of the mirrors in the array are 
updated for every one-quarter of a pixel drum move- 
ment. Other update speeds are possible, without de- 

10 parting from the scope of the invention. With this 
scheme, as shown in FIGURE 1, an exemplary pixel 

20 receives light from mirrors 22-36 of array 12. The 
light is received from each row of mirrors at different 
time instances as the drum rotates. Likewise, mirrors 

15 38-52 reflect light onto pixel 54 of OPC drum 1 6. Pixel 

21 is also shown, and will be discussed below. Pixel 
21 wilt be exposed by mirrors 22-36 as OPC drum 16 
rotates. 

FIGURES 2a-2h illustrate light received at pixel 

20 20 from each of the mirrors 22-36. As shown in FIG- 
URE 2a, light from mirrors 22 and 24 first impinges 
on the top of pixel 20. In a particular embodiment, the 
mirrors of array 12 shine light on an area approxi- 
mately Va the area of pixel 20. For example, pixel 20 

25 may be 1/300 of an inch by 1/300 of an inch, whereas 
the light from mirror 22 may be 1/600 of an inch by 
1/600 of an inch. It should be understood that other 
sized and shaped pixels and mirrors are possible, or 
the effective size of the mirrors may be altered 

30 through optics 18, without departing from the intend- 
ed scope of the invention. 

The particular area on pixel 20 on which lightfrom 
any one mirror falls is referred to as a phase. Thus, 
as shown in FIGURE 2a, lightfrom mirrors 22 and 24 

35 fall on phases A and B, shown by the circled A and B. 
The duration for which the light falls can be controlled 
by switching the mirrors OFF or alternatively switch- 
ing the light source OFF. As shown in FIGURE 2b, as 
time goes on and the OPC drum 16 rotates, in this ex- 

40 ample by a quarter of a pixel, lightfrom mirrors 22 and 
24 falls on phases C and D. 

As shown in FIGURE 2c, as OPC drum 16 con- 
tinues to rotate, light from mirrors 22 and 24 falls on 
phases E and F, and lightfrom mirrors 26 and 28 falls 

45 on phases G and H. As can be seen in FIGURE 2c, 
phase H falls half on pixel 20 and half on the adjacent 
pixel of OPC drum 1 6. This lightfalling on the adjacent 
pixel can be handled in one of two ways. First, it can 
be taken into account in determining the gray scale to 

so be generated in the adjacent pixel. Thus, if the gray 
scale of the adjacent pixel is to be, for example, level 
200 of 256 gray levels, the amount of light received on 
that pixel from phase H can be taken into account. Al- 
ternatively, the light received from phase H on the ad- 

55 jacent pixel can be disregarded. Indeed, if the adja- 
cent pixel is to be completely white, then this is the 
only alternative, and there will be some blur between 
pixels. 

3 
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As shown in FIGURE 2d, as OPC drum 16 con- 
tinues to rotate, the light from mirrors 22 and 24 falls 
on phases I and J. As discussed above in connection 
with FIGURE 2c, phases I and J overlap on to the pix- 
el of the next line of OPC drum 16. This overlap can 
either be taken into account in determining the gray 
scale to be generated on that pixel, or disregarded. 
The lightf rom mirrors 26 and 28 falls on phases K and 
L. 

As shown in FIGURE 2e, as OPG drum 16 con- 
tinues to, rotate, the light from mirrors 26 and 28 falls 
on phases M and N, with the overlap being handled 
as discussed above. Furthermore, light from mirrors 
30 and 32 fails on phases A and B, as shown in FIG- 
URE 2e. Furthermore, at this time light from mirrors 
22 and 24 fall on phases A and B of pixel 21 . As shown 
in FIGURE 2f, light from mirrors 26 and 28 next falls 
on overlap phases O and P, and the lightf rom mirrors 
30 and 32 next falls on phases C and D. 

As shown in FIGURE 2g, light from mirrors 34 
and 36 nextfallson phases Aand H and light from mir- 
rors 30 and 32 on E and F. Next, as shown in FIGURE 
2f, as the OPC drum continues to rotate, light from 
mirrors 34 and 36 falls on phases K and L and those 
from 30 and 32 on I and H. 

Intensity modulation is achieved at each phase 
by choosing to turn the mirror ON or OFF (the ON 
position corresponds to the case where the light is re- 
flected on the OPC pixel and the OFF position corre- 
sponds to the case where the light is reflected away 
from the OPC). As an example with the embodiment 
of FIGURES 2a-2h, three levels of exposure may be 
generated for each phase by exposing each phase 
zero, one, or two times. For example, to generate an 
exposure level of one in phase A, mirror 22 would be 
ON in FIGURE 2a, but mirror 30 would be OFF for 
FIGURE 2e. 

More exposure levels are also possible by inten- 
sity modulation with amplitude modulation of the light 
source, which is, for example, an LED. For example, 
the entire array could be exposed at a certain base 
exposure level (1) for FIGURES 2a-2d, and at twice 
that level (2) for FIGURES 2e-2g. This cycle of inten- 
sity levels is repeated in a periodic fashion. With this 
scheme, four levels of exposure (0, 1 ? 2, and 3) can 
be generated in each phase. For example, to gener- 
ate a level of 3 in phase A, mirror 22 would be switch- 
ed ON in FIGURE 2a and mirror 30 in FIGURE 2e. 
Many more exposure intensity levels can be generat- 
ed by using more rows of DMDs and more light source 
levels. 

Copending U.S. Patent Application Serial No. 
08/100892, filed July 30, 1993, and entitled "Method 
and Apparatus for Spatial Modulation in the Cross- 
Process Direction," which is herein incorporated by 
reference, discloses in detail the techniques by which 
the apparatus of FIGURE 1 may be used to generate 
many shades of gray for the printing of contone data. 



As described in that application, the arrangement of 
array 12 is exemplary, and other arrangements may 
also be used. Generally speaking, that application de- 
scribes generating many shades of gray by integrat- 
5 ing light from all of the phases of a particular pixel, 
with phase locations in both the process and cross- 
process directions. 

Note that the size of a phase in the process direc- 
tion is determined by the time the light source is ON 
10 when that phase is exposed. FIGURES 2a-2g show 
the ideal case when the exposure is instantaneous. In 
the extreme case when the light source is on for the 
entire duration between two successive data load 
times, each phase will be about % of a pixel wide, 
is leading to overlap, for example between phases A 
and E. Thus, the size of the phases can also be varied 
or modulated for generating gray scales. This ap- 
proach, referred to as pulse duration modulation, is 
described in copending U.S. Patent Application No. 
20 08/038,398, filed March 29, 1993, entitled "Process 
and Architecture for Digital Micromirror Printer" (Tl- 
17632) assigned to Texas Instruments Incorporated 
and which is incorporated herein by reference. 
Though the examples shown in this application show 
25 constant duration phases, it should be understood 
that the present invention may also use pulse dura- 
tion modulation. 

With the present invention, contone data, as well 
as stroke data, can be printed together at different re- 
30 solutions, thus allowing for the proper printing of both 
types of data. This is made possible by taking advan- 
tage of the fact that raster image processors ("RIPs") 
can distinguish between text and contone data. RIPs 
process printing languages, such as the postscript 
35 language, which require clear identification of differ- 
ent types of data, such as image data through use of 
the image operator, text data through use of the show 
operator, and graphics data through use of the stroke 
operator. Thus, with the present invention the RIP is 
40 programmed to render image data at a resolution 
which allows for the generation of many shades of 
gray, such as 300 dpi, while rendering text and graph- 
ics data at high resolution, such as 600 dpi. This is ac- 
complished by taking advantage of the structure of 
45 array 12, as will be discussed. 

FIGURE 3 illustrates two lookup tables that are 
used by a RIP to render stroke and contone data. For 
contone data, lookup table A is used. Lookup table A 
provides the intensity levels that must fall on each 
so phase of a pixel to generate the appropriate gray 
scale. The phases correspond to those of FIGURES 
2a-2h, and gray scale levels are rendered by integrat- 
ing the light from the phases in both the process and 
cross-process directions. Pixel 60 illustrates a pixel of 
55 contone data, for example, at 1/300 of an inch, to be 
printed at a gray scale level of 201. A raster image 
processor uses lookup table A to determine the par- 
ticular light intensities that should fail on each of the 
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phases of pixel 60 to generate the gray scale level of 
201. 

In particular, to generate gray scale 201 in pixel 
60, the specific exposure levels desired for different 
phases are obtained through lookup table A. These 5 
tables can be derived experimentally or through mod- 
eling. The table entries are translated into mirror set- 
tings (ON or OFF) based on the light source intensity 
cycle. For example, assuming the light source is 
modulated periodically from one, to two, to four, to 10 
eight times a base intensity level, the mirrors that ex- 
pose phase A may be ON for levels 2 and 6 and OFF 
for levels 1 and 4 to generate a total intensity of 1 0 in 
phase A. 

Stroke data is rendered through use of lookup ta- 15 
bie B, shown in FIGURE 3. Lookup table B provides 
the intensity level that must fall on a phase to render 
it at a particular gray shade. As illustrated, pixel 62 is 
divided intofour phases, phases A, B, E, and F, cor- 
responding to the phases in FIGURES 2a and 2c. 20 
These phases are of a resolution high enough to ren- 
der high quality stroke data, for example, 1/600 of an 
inch. With existing optical photoconductive technolo- 
gy, dots of the size of about 1/600 of an inch can be 
rendered at about 8-32 shades of gray. Thus, the in- 25 
tensity required to generate the appropriate shades of 
gray for phases A, B, E, and F, can be obtained from 
lookup table B. Thus, for example, if phase A were to 
be rendered at a gray scale level of 30, an intensity 
level of, for example, 7 would be directed to that 30 
phase. Likewise, if phase F is to be at a gray scale of 
100, an intensity level of 15 would be directed to that 
phase. Although 256 gray shades index into the look- 
up table B, fewer intensity levels are output from the 
lookup table due to the above mentioned toner limit- 35 
ations. 

In the example described for stroke data, the 
stroke data is rendered by using the four phases A, B, 

E, and F of pixel 62. With such an arrangement, the 
other phases of pixel 62 are inactive, and stroke data 40 
is rendered at twice the spatial resolution of contone 
data. This arrangement is shown for convenience, it 
being understood that other arrangements are also 
possible. As discussed above, for example, pixel 62 

can include many other phases, for example phases 45 
C, D, and G-P. With the present invention, any of 
these phases may be used to render the stroke data. 
By using phases other than just phases A B, E, and 

F, the stroke data will be rendered at the same overall 
resolution, but can be addressed at a finer resolution, so 
due to the offset of the rows of array 12. This fine ad- 
dressing is discussed in "Method and Apparatus for 
Spatial Modulation in the Cross-Process Direction," 
incorporated above. Furthermore, it should be under- 
stood that the present invention works without stag- ss 
gering of the rows of array 1 2. It should be noted that 
dithering or half-toning schemes can be used in con- 
junction with the above methods, in particular for ren- 



dering stroke data which does not exploit spatial mod- 
ulation. 

Some input contone data may be received at 600 
dpi resolution, and such contone data can be handled 
in at least three ways to generate gray shades. In one 
alternative, the 600 dpi contone data can be rendered 
through use of lookup table B, and use of the four 
phases shown in connection with pixel 62 of FIGURE 
3, which may also be combined with some dithering 
scheme. Second, the gray scale of each of the 600 dpi 
data points can be averaged and then rendered 
through use of a lookup table such as lookup table A. 
For example, if the contone data is received at 600 
dpi, then there are four data points for each 1/300 of 
an inch pixel. The gray scale for each of these four 
data points can be averaged (for example, arithmeti- 
cally) to derive a gray scale for the 1/300 of an inch 
pixel. This averaged gray scale can then be rendered 
through use of lookup table A, as discussed above. As 
a third alternative, this data can be subsampled by 
half (after smoothing with a low pass filter to prevent 
aliasing) to 300 dpi resolution, and rendered through 
use of lookup table A 

Many applications require both high resolution 
and many shades of gray. An example is the printing 
of graphics data, such as that for geometric shapes 
with a solid, patterned, or gradient fill. It is desirable 
to allow the rendering of many shades of gray within 
the geometric shape, while providing high resolution 
at the edges to prevent jagged appearing edges. The 
above discussion describes how contone and stroke 
data, once identified as such, are handled by the RIP, 
the array 12, and the OPC drum 16. Following is a dis- 
cussion of how the data is so identif ied, and then 
printed. 

FIGURE 4 illustrates the technique by which the 
present invention accomplishes the rendering of 
many gray shades while allowing for high resolution 
printing of stroke data. As shown in FIGURE 4, an ar- 
ray 64 of logical pixels is shown, as they would be 
mapped on a piece of paper. As an example, the size 
of these pixels is 1/300 of an inch. A polygon 66 is 
shown as printed on the array. Processors, such as 
raster image processors, can be programmed to de- 
termine which pixels are inside of, outside of, or on 
the perimeter of a particular geometric shape. This 
technique, known as scan conversion, has been de- 
scribed in Foley, eta!., Computer Graphics: Principles 
and Practice, 2nd Edition, Addison-Wesley Publish- 
ing Company, 1992, pp. 92-94. Generally speaking, 
this technique uses the geometric formula of an ob- 
ject, and pixel mapping, to determine whether a pixel 
is inside, outside, or on a shape. 

Thus, pixels within the polygon, such as pixel 70, 
will be treated as if they were contone data, and print- 
ed as discussed above, for example using 16 phases. 
Likewise, pixels outside of the polygon, such as pixel 
72, will not be rendered. Pixels on the edge, such as 
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pixels 74 and 76, will be treated as stroke data, and 
rendered at a high resolution, for example, a resolu- 
tion of 1/600 of an inch, as discussed above. 

To accomplish this high resolution rendering with 
the present invention, each 1/300 of an inch pixel is 
divided into smaller phases, for example, four 1/600 
of an inch phases. Phases that fall outside the poly- 
gon, such as phase 78, will not be rendered. Phases 
within the polygon that do not fall on its perimeter, 
such as phase 80, will be rendered at a stroke gray 
scale as close to the desired gray scale as possible. 
As discussed previously, varying technologies offer 
between 8 and 32 shades of gray for high resolution 
pixels. Thus, the gray shade of phase 80 can be made 
as close as possible to the desired gray shades by re- 
producing the intensity level that best approximates 
the shade. 

Anti-aliasing techniques can also be used to de- 
termine the gray shades of the 1/300" pixels and the 
1/600" phases. Such techniques are known in the art 
and have been described in Computer Graphics: Prin- 
ciples and Practice, pp. 132-134. Once the gray 
shade of a phase of a pixel on the perimeter is deter- 
mined, it can be approximated through the use of 
lookup table B in FIGURE 3. As an example of an anti- 
aliasing technique, the percentage of the phase that 
is inside the perimeter of the polygon 66 is deter- 
mined. This percentage is then multiplied by the de- 
sired gray scale to determine the gray scale to be ren- 
dered at the phase on the perimeter. For example, if 
phase 82 of polygon 66 is to be rendered at a gray lev- 
el of 60, and assuming half of phase 82 is inside the 
polygon, then that phase can be rendered at Vfe times 
60, or 30. Using lookup table B in FIGURE 3, this 
translates to a desired intensity level of 7 at that 
phase. 

Phases other than A, B, E, and F can be used at 
the subpixel level on the perimeter to further smooth 
out jaggies as was discussed in copending U.S. Pa- 
tent Application Serial No. 08/100,892, "Method and 
Apparatus for Spatial Modulation in the Cross- 
Process Direction" (Tl- 17829). 

FIGURE 5 illustrates a block diagram of the cir- 
cuitry for a printer 10 constructed according to the 
teachings of the present invention. As shown in FIG- 
URE 5, a processor 100 receives data to be printed 
from block 1 02 either directly or through memory 1 04. 
Block 102 may represent any device that can output 
data to be printed, such as a personal computer. The 
memory 104 may be used to buffer data to be printed 
from block 102 or may store other data, such as pre- 
programmed data, for later printing. Memory 104 also 
includes instructions for controlling processor 1 00, as 
well as lookup tables, such as those discussed in con- 
nection with FIGURE; 3. Processor 100 is coupled to 
light source 14, array 12, and OPC drum and motor 
16. Processor 100 is also coupled to printer paper 
handling, user I/O, and diagnostics block 106. 



In operation, processor 1 00 processes the data to 
be printed by controlling light source 14 and array 12. 
For example, after determining that a pixel is to be 
contone data, processor 100 will determine the gray 

5 scale that must be written to that pixel, and with the 
aid of lookup tables controls the particular mirrors of 
array 12 and light source 14 to direct the appropriate 
intensity at different phases of the pixel. Processor 
1 00 also controls the rotation of the OPC drum and 

10 the paper handling, user I/O and diagnostics as re- 
quired by the printing system. 

Although the present invention has been descri- 
bed in detail, it should be understood that various 
changes, substitutions, and alterations can be made 

15 without departing from the spirit and scope of the in- 
vention as defined by the appended claims. 
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Claims 



1. A method of printing both a first type and a sec- 
ond type of data comprising the steps of: 
identifying data to be printed as either the first or 
second type of data; 

25 spatially modulating the second type of data in 

first and second directions; and 
intensity modulating the first type of data. 

2. The method of claim 1 , further comprising provid- 
30 ing said first type of said data as stroke data and 

said second type of data as contone data and 
spatially modulating said second type of data in 
a process and cross process direction. 

35 3. The method of claim 1 or claim 2, wherein said 
step of identifying data comprises the steps of: 
determining whether the location of the data is in- 
side an edge or on the edge of an object to be 
printed; and 

40 identifying the data as second type data if inside 

the edge and first type data if on the edge. 

4. The method of claim 3, and further comprising 
the step of performing anti-aliasing on the first 

45 type data. 

5. The method of any preceding claim, wherein the 
step of modulating the first and second types 
data comprises using a lookup table stored in a 
memory. 
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The method of any preceding claim comprising: 
illuminating a spatial light modulator having a 
plurality of rows of elements; 
for the second type data, reflecting the light from 
predetermined individual elements of a plurality 
of rows onto predetermined areas of a photocon- 
ductive drum operable to rotate in a process di- 
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rection, the predetermined areas producing gray 
scale levels; 

for the first type data, reflecting the light from pre- 
determined individual elements onto predeter- 
mined areas of the photoconductive drum, the 5 
predetermined producing a high resolution; 
attracting toner to the areas, the amount of toner 
attracted to a particular area being based on the 
amount of light that has fallen on that area; and 
transferring the toner to a print medium. 10 

7. The method of claim 6, further comprising provid- 
ing said areas as phase of pixels. 

8. The method of claim 7, further comprising pro- 15 
ducing the first type data at each pixel by reflect- 
ing light onto less than all phases of the pixel. 

9. The method of claim 7 or claim 8, further compris- 
ing staggering the rows are staggered such that 20 
there are at least two area locations in the cross- 
process direction for each pixel. 

10. The method of any of claims 6 to 9, wherein said 
step of shining comprises pulsing the light such 25 
that each individual element is operable to reflect 
light on at least two area locations in the process 
direction. 

11. The method of any of claims 6 to 10, and further 30 
comprising the step of periodically changing the 
intensity of the light 

1 2. The method of any of claims 6 to 1 1 , wherein said 
step of reflecting comprises switching the individ- 35 
ual elements such that each individual element is 
operable to reflect light on at least two area loca- 
tions in the process direction. 

13. A printer, comprising: 40 
a spatial light modulator operable to receive light 
from a light source, said spatial light modulator 
having a plurality of rows of individual elements; 

a photoconductive drum operable to rotate in a 
process direction and having predefined areas 45 
operable to receive light reflected from predeter- 
mined individual elements of a plurality of rows; 
a processor operable to control said individual 
elements such that for a second type data, light 
is reflected from predetermined individual ele- so 
ments of the plurality of rows onto predetermined 
areas of said photoconductive drum to render 
gray scale levels; and 

said processor also being operable to control said 
individual elements such that for stroke data, light 55 
is reflected from predetermined individual ele- 
ments onto predetermined areas of said photo- 
conductive drum to render high resolution. 



14. The printer of claim 13, wherein the areas com- 
prises phases of pixels. 

15. The printer of claim 14, wherein the first type data 
is rendered at each pixel by reflecting light onto 
less than all phases of the pixel. 

16. The pri nter of any of claims 13 to 15, wherein said 
processor is further operable to identify the first 
and second data as respectively stroke or con- 
tone data by determining whether the location of 
the data is inside an edge or on the edge of an ob- 
ject to be printed, and identifying the data as con- 
tone if inside the edge and stroke if on the edge. 

17. The printer of any of claims 13 to 16, wherein said 
processor is further operable to perform anti- 
aliasing on the first type data. 

18. The printer of any of claims 13 to 16, and further 
comprising a memory containing lookup tables, 
said lookup tables accessed by said processor to 
control said individual elements to produce the 
second and first type data. 

19. The printer of claim 14, wherein said rows are 
staggered such that there are at least two phase 
locations in the cross- process direction for each 
pixel. 

20. The printer of any of claims 13 to 19, wherein the 
first type data is stroke data and the second type 
data is contone data. 
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